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S E L E C T TifETHODS I N Q U A N T I T A T I V E O H E I I I G A L A N A L Y S I S . 
T h e s i s submitted f o r depjSrtment honors i n chemistry by 
F l o r e n c e A . Brooks. 
U r s i n u s College. May l a t h . , 1912. 
S e l e c t Methods i n Q u a n t i t a t i v e Chemical A n a l y s i s . 
The determinations of the proportions i n which the v a r i o u s chem-
i c a l elements and compounds are present i n a "body i s known as the process 
of q u a n t i t a t i v e a n a l y s i s . T h i s of course presupposes a r a t h e r thorough 
knowledge of the methods employed i n the process of q u a l i t a t i v e a n a l y s i s ; 
that i s the r e c o g n i t i o n of the elements and compounds which compose the 
body. However, although the methods used i n the two processes are often 
s i m i l a r or even i d e n t i c a l , i n the case of q u a n t i t a t i v e a n a l y s i s the con-
d i t i o n s must be regulated with g r e a t e r care and i n such a manner as to 
i n s u r e the most complete s e p a r a t i o n s p o s s i b l e . ¥any phenomena which can 
s a f e l y be ignored i n c a r r y i n g out a q u a l i t a t i v e a n a l y s i s become important 
f a c t o r s i n a q u a n t i t a t i v e e s t i m a t i o n . 
The methods of q u a n t i t a t i v e a n a l y s i s are sub-divided, according 
to t h e i r nature, i n t o g r a v i m e t r i c and volumetric a n a l y s i s . I n g r a v i -
m e t r i c processes the c o n s t i t u e n t to be determined i s i s o l a t e d i n the form 
of some compound poss e s s i n g a w e l l e s t a b l i s h e d and d e f i n i t e composition, 
which can be r e a d i l y and completely separated by f i l t r a t i o n and weighed 
e i t h e r d i r e c t l y or a f t e r i g n i t i o n . Prom the amount of tne p r e c i p i t a t e 
emd i t s composition the amount of the co n s t i t u e n t i n question i s deter-
mined. I n volumetric a n a l y s i s , i n s t e a d of the f i n a l weighing of a d e f i -
n i t e p r e c i p i t a t e , a w e l l defined r e a c t i o n i s caused to take p l a c e wherein 
the reagent i s i n the form of a s o l u t i o n of which the strength i s accu-
r a t e l y known. The volume of t h i s s o l u t i o n required to complete the r e -
a c t i o n then becomes a measure of the substance acted upon. T h i s pro-
c e s s i s e q u i v i l e n t to weighing without the use of the balance. T h i s 
paper w i l l d e a l p r i n c i p a l l y with the methods used i n g r a v i m e t r i c a n a l y s i s 
There are a few fundamental operations upon which the success 
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of every estimation depends. The f i r s t of these i s the weighing. For 
t h i s i t i s of course a b s o l u t e l y necessary to employ a d e l i c a t e balance 
which must be kept i n p e r f e c t adjustment-. For a l l p r a i f t i c a l purposes 
the balance should be one which weighs a c c u r a t e l y to at l e a s t the f o u r t h 
decimal p l a c e . The object to be weighed i s placed upon one scale pan 
and s u c c e s s i v e wiwigto of gram, decigram and centigram denominations are 
p l a c e d upon the other u n t i l the a d d i t i o n of one centigram i s found to be 
too much, that i s , u n t i l the whole number of centigrams i s determined. 
The s l i d i n g sash i n front of the balance i s then c l o s e d and by means of a 
l e v e r extending through the s i d e of the case a small wire r i d e r i s placed 
at d i f f e r e n t p l a c e s along the beam u n t i l the balance i s i n exact e q u i l i -
brium. The beam i s graduated i n m i l l i m e t e r s and tenths of m i l l i m e t e r s 
and hence from the p o s i t i o n of the r i d e r the t h i r d and f o u r t h decimal 
p l a c e s of the weight of the objectlf are obtained. 
The c o r r e c t weight of an object cannot be taken while i t i s hot 
owing to the disturbance introduced by the warm a i r c u r r e n t s r i s i n g from 
i t . Therefore substances which r e q u i r e heating before being weighed 
must be placed i n a desic^atl^or to cool. T h i s i s an a i r t i g h t g l a s s 
v e s s e l , i n which the i n c l o s e d a i r i s kept dry by means of some convenient 
drying agent such as lime, calcium c i i l o r i d e or s u l p l y i c a c i d l j . vlalcium 
c h l o r i d e i s the one commonly used. 
When ta k i n g a weighed quantity of a substance f o r a n a l y s i s , i t 
i s u s u a l to obtain i t s weight by d i f f e r e n c e . The prepared powder i s 
contained i n a l i g h t , t h i n g l a s s , stoppered b o t t l e , known as a weighing 
b o t t l e , and the b o t t l e and i t s contents are weighed. A s u f f i c i e n t 
q uantity of the powder i s then c a r e f u l l y tipped out into a beaker or 
other v e s s e l and b o t t l e again weighed. The d i f f e r e n c e between the two 
weighings represents the weight of the substance employed f o r a n a l y s i s . 
I n the course of a q u a n t i t a t i v e a n a l y s i s i t i s f r e q u e n t l y 
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necessary to weigh a p r e c i p i t a t e which has been d r i e d upon a f i l t e r . 
Hence the weight of the d r i e d f i l t e r must be known i n order to get the 
a c t u a l weight of the p r e c i p i t a t e . T h i s operation may be carrxed out by 
c a r e f u l l y f o l d i n g a f i l t e r paper, p l a c i n g i t i n a g l a s s weighing b o t t l e 
and heating i t i n an^oven. The l a t t e r i s a s i n g l e walled copper chamber 
f i t t e d w i t h a p e r f o r a t e d s h e l f . I t i s heated with a Bunsen flame and 
the temperature of the a i r w i t h i n i s a s c e r t a i n e d by means of a thermomet 
t e r which passes through an opening i n the top. The weighing b o t t l e and 
f i l t e r are allowed to remain i n the over f o r about h a l f an hour, then r e -
moved to the desicsjator, cooled and weighed. The weight of the d r i e d 
weighing b o t t l e may be taken before the f i l t e r i s put i n or at the c l o s e 
of the operation the f i l t e r w i th the p r e c i p i t a t e may be returned to the 
same weighing b o t t l e , d r i e d and weighed. The d i f f e r e n c e i n the two 
weights i s e v i d e n t l y the weight of the p r e c i p i t a t e . 
I t i s a l s o f r e q u e n t l y necessary i n making a g r a v i m e t r i c e s t i -
mation to i g n i t e the p r e c i p i t a t e on the f i l t e r paper. I n such a case 
allowance must be made f o r the weight of the ash of the f i l t e r paper. 
Although i t i s b e t t e r to use f i l t e r papers f o r which the weight of the 
ash has been determined a c c u r a t e l y by the manufacturers and marked upon 
the wrapper, at the same time the a n a l y s t may determine f o r h i m s e l f the 
weight of the ash. A p o r c e l a i n c r u c i b l e i s f i r s t supported on a pipe-
c l a y t r i a n g l e and heated s t r o n g l y w i t h a Bunsen flame. I t i s then a l -
lowed to cool i n t h e d e s i c ^ t o r and c a r e f u l l y weighed. A f i l t e r paper i s 
then folded, supported i n a loop of platinum wire and i g n i t e d . The 
burning paper i s held over the open c r u c i b l e which has been placed on a 
p i e c e of smooth paper. A f t e r the f i l t e r has been burned to a grey mass 
the ash i s allowed to f a l l i n t o the c r u c i b l e . The operation i s repeat-
ed u n t i l about ten f i l t e r papers have been burned. Any p a r t i c l e s which 
may have f a l l e n on the paper are then c a r e f u l l y brushed int o the crucibl® 
and the l a t t e r heated, cooled and weighed. The d i f f e r e n c e between the 
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weight of the c r u c i b l e and the ash and that of the c r u c i b l e alone i s the 
weight of the ash of ten f i l t e r papers and one tenth of t h i s i s the 
weight of the ash of a s i n g l e f i l t e r paper. The object of taking a num-
ber i s i n order that the experimental e r r o r may be more widely d i s t r i b u -
ted. 
One thing which must be c a r e f u l l y observed i n c a r r j a n g out a 
g r a v i m e t r i c a n a l y s i s i s the necessitj'- of using pure s a l t s , s i n c e s l i g h t 
i m p u r i t i e s may be the cause of l a r g e e r r o r s i n the e s t i m a t i o n . I f the 
a n a l y s t i s not convinced that the s a l t s he i s using are f r e e from impuri-
t i e s he should prepare pure s a l t s f o r use i n h i s experiments. T h i s he 
may do hy r e c r y s t a l l i z a t i o n , p r e c i p i t a t i o n or change of s o l v e n t . 
I t i s frequentlj'^ d e s i r a b l e to know the percentage of vrater of 
c r y s t a l l i z a t i o n which a c e r t a i n compound cont a i n s . And as most sub-
stances which contain such water r e a d i l y p a r t with a l l or pa r t of i t when 
heated, the estimation may conveniently be made by that process. Crys-
t a l l i z e d copper sulphate may be used to i l l u s t r a t e the method of determin 
ing the amount of water of c r y s t a l l i z a t i o n . I n the experiment perform-
ed by the w r i t e r a portion of the s a l t weighing 2,9819 gm, v/as weighed 
out int© a weighing b o t t l e which had been p r e v i o u s l y heated, cooled and 
weighed. The b o t t l e w i t h the stopper removed was placed upon a s h e l f 
of the a i r oven where i t was allowed to remain f o r about an hour at a 
temperature between 110 and 115, I t was then allowed to cool i n the 
d e s i c a t o r and weighed. The whole operation was then repeated u n t i l the 
weight remained constant. The r e s u l t s of four s u c c e s s i v e weighings were 
33.849 8 gm., 33.4952 gm., 33.4524 gm., and 33.4524 gm.. Since the 
weighing b o t t l e and the s a l t before heating weighed 34,3092 gm., and 
a f t e r heating wei^.ed 33.4524 gm., i t i s obvious tliat the d i f f e r e n c e or 
,8568 gm i s the weight of the water driven o f f . .8568 gm. i s 28.7^ of 
2.9819 gm., the o r i g i n a l weight of the s a l t . C a r e f u l a n a l y s i s has shown 
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that copper sulphate has f i v e molecules of water of c r y s t a l l i z a t i o n , four 
of which are given o f f between llo''and 115° and the f i f t h at 200." The 
c a l c u l a t e d percentage f o r four molecules of water i s 28,9. n^ence there 
was an e r r o r of .2^ d e f i c i t i n the experiment performed. 
I n d e f i n i n g g r a v i m e t r i c a n a l y s i s we s a i d t h at the metal wad made 
to enter into some convenient combination, y i e l d i n g a compound of known 
and d e f i n i t e composition. The forms of combination which are most f r e -
quently used and which are a p p l i c a b l e to v a r i o u s metals are three i n num-
ber, namely, the oxide, sulphide, and sulphate. 
When weighed i n the form of an oxide the metal i s f i r s t p r e c i -
p i t a t e d e i t h e r as a hydroxide, as i n the ease of aluminums, i r o n s , chro-
mium, n i c k e l and copper, or as a carbonate, as i n the case of bismuth 
manganese and z i n c . I n e i t h e r case the p r e c i p i t a t e d compound i s c o n v e r t -
ed by heat into the oxide^ which i s then weighed. 
When estimated as a sulphide the metal i s p r e c i p i t a t e d as such 
e i t h e r by hydrogen sulphide or ammonium sulphide. Meteas which may be 
estimated i n t h i s form are mercury, cadmium, a r s e n i c and antimony. Kii 
Metals which are to be weighed as sulphates are e i t h e r p r e c i p i t a t e d from 
s o l u t i o n i n t h i s form as i n the case of lead, bariiua and strontiiam, or 
the sulphate i s obtained by evaporating a s u i t a b l e compound of the metal 
w i t h s u l p h u r i c a c i d . 
I n a d d i t i o n to these tjTpical methods which may be applie d to 
groups of metals there are methods a p p l i c a b l e only to s p e c i a l c a s e s . 
Thus s i l v e r i s p r e c i p i t a t e d and weighed as a c i i l o r i d e and magnesium i s Is 
p r e c i p i t a t e d as ammonium m^agnesium phosphate which i s converted by heat 
i n t o magnesium pyro-phosphate and weighed i n that form. 
We s h a l l now give a b r i e f account of the t y p i c a l methods pursued 
i n estimating the percentages of metals i n s a l t s . The f i r s t method to 
be considered i s that employed i n estimating the quantity of aluminum i n 
potassium alum, SO, Al (S0^J^4 H^O. T h i s f a l l s i n the f i r s t general 
c l a s s of methods, that i s , the one i n which the metals are v^reighed i n the 
form of oxides, 
A stoppered weig}iing "bottle containing powdered alum i s f i r s t 
weighed, A. small quantity of s a l t i s t r a n s f e r r e d to a "beaker and the 
weighing b o t t l e i s weighed again, the d i f f e r e n c e i n the two Weights being 
the weight of tlie alum taken. The s a l t i s then d i s s o l v e d i n such a 
quantity of water that the beaker i s about one-fourth f u l l and the pro-
ce s s of s o l u t i o n i s aided by gently warming the mixture. An i r o n p l a t e 
heated by a Bunsen flame i s a convenient arrangement f o r t h i s as s e v e r a l 
v e s s e l s may be heated upon i t at the same time. The beaker should be 
covered w i t h a watch c r y s t a l as much as p o s s i b l e during the operation to 
prevent l e s s by s p l a s h i n g and a l s o to keep out i m p u r i t i e s . 
A f t e r the s a l t i s completelj'- d i s s o l v e d a quantity of ammonium 
ch l o r i d e s o l u t i o n i s added, equal to about one-fourth of the volume a l -
ready present. The purpose of t h i s i s to render i n s o l u b l e the aluminum 
hydroxide which i s now p r e c i p i t a t e d by the addition of a very s l i g h t ex-
ce s s of ammonium hydroxide. The l i q u i d i s s t i r r e d w i t h a short g l a s s 
rod vfith rounded ends and then b o i l e d u n t i l the greater p a r t of the ammo-
n i a i s expelled. T h i s point i s a s c e r t a i n e d by the f a c t that the i s s u i n g 
steam then smells onlj'^ s l i g h t l y of the reagent. 
The p r e c i p i t a t e i s then allowed to s e t t l e ; the watch c r y s t a l i s 
removed and the under side r i n s e d i n t o the beaker by means of a f i n e j e t 
of hot water from a wash b o t t l e , i n case any p a r t i c l e s may have been 
thrown up during the process of b o i l i n g . The p r e c i p i t a t e which i s a 
white g e l a t i n o u s mass i s allowed to s e t t l e and the c l e a r l i q u i d i s then 
decanted off t h r o u ^ a f i l t e r , the v/eight of whose ash i s known. When 
as much of the l i q u i d as p o s s i b l e has been poured o f f without d i s t u r b i n g 
the p r e c i p i t a t e the beaker i s h a l f f i l l e d w i t h b o i l i n g water, the mixture 
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i s w e l l s t i r r e d and a f t e r being allowed to s e t t l e i s decanted as before 
through the same f i l t e r . T h i s process i s repeated a second time, a f t e r 
which the p r e c i p i t a t e i s t r a n s f e r r e d to the f i l t e r . Every t r a c e i s r e -
moved from the s i d e s of the beaker by the a i d of the g l a s s rod and the 
beaker i s f i n a l l y r i n s e d i n t o the f i l t e r by means of a j e t of hot water 
from the wash b o t t l e . The f i n a l washing of the p r e c i p i t a t e i s now made 
upon the f i l t e r , washing downward from the upper edge of the paper but 
never quite f i l l i n g the paper cone with water. The operation i s c o n t i n -
ued u n t i l the p r e c i p i t a t e I s e n t i r e l y f r e e d from soluble s a l t s , which i n 
t h i s case c o n s i s t of sulphate of potassium and ammonium. To a s c e r t a i n 
when t h i s point has been reached a few drops of the f i l t r a t e are c o l l e c t -
ed i n a t e s t tube and a l i t t l e barium c h l o r i d e added. I f no p r e c i p i -
t a t e forms a few minutes a f t e r warming the mixture the washing maj'- be 
considered complete. The l a s t washing should aim to c o l l e c t the p r e c i -
p i t a t e into the cone of the f i l t e r . 
The f i l t e r and the p r e c i p i t a t e are then d r i e d by p l a c i n g the 
funnel containing the f i l t e r i n the oven. While t h i s i s drying a c r u c i -
ble i s heated, cooled and weighed. The dr i e d f i l t e r containing alumi-
num hydroxide i s then removed from the funnel, c a r e f u l l y folded and 
placed i n the weighed c r u c i b l e . The c r u c i b l e , supported upon a cl e a n 
pipe c l a y t r i a n g l e , i s f i r s t verj- g e n t l y heated. When the a c t i v e com-
bustion of the paper has ceased the temperature i s g r a d u a l l y r a i s e d and 
when i t has reached a red heat the l i d of the c r u c i b l e may be removed. 
The v e s s e l i s kept at red heat by means of a Bunsen flame f o r about ten 
minutes. The l i d i s then replaced and the c r u c i b l e t r a n s f e r r e d to the 
d e s i c a t o r to cool, a f t e r which i t i s weighed. I t i s re-heated f o r a 
s i m i l a r length of time and again weighed, the operation being repeated 
u n t i l the weight i s p r a c t i c a l l y constant. 
By the heating, the aluminum hydroxide, i n which form the metal 
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i s thrown down, i s converted i n t o aluminum oxide, Al^O^. The f i n a l 
weight l e s s the weight of the c r u c i b l e and f i l t e r ash g i v e s the weight 
of aluminum oxide obtainable from the o r i g i n a l weight of alum used. I t 
remains to c a l c u l a t e from t h i s the percentage of aluminum i n alum. The 
f o l l w i n g data which was obtained w i l l i l l u s t r a t e the method of doing t h i s 
F i r s t weight of weighing b o t t l e and alum..... 31.o7o gm. 
Second weight of vreighing b o t t l e and alum....««...«.. .26.981 gm. 
weight of a l i m used 4.089 gm. 
Weight of c r u c i b l e and f i l t e r a s h - ^ ^ ^ j 26.422 gm. 
Weight of c r u c i b l e 25.923 
Weight of f i l t e r ash .0105 
Weight of f i l t e r + c r u c i b l e 25.9335 25.9335 gm. 
Weight of Al^O^ .4885 
The formula weight of aluminum oxide i s 102 and ©f A l ^ i s 54, 
hence aluminum i s present i n Al^O^in the proportion of 54:102. There-
f o r e the amount of aluminum i n .4885 gm. of Al 0 i s 54 X .4885 gm. =-.25861 
gm.. But i f t h i s i s the amount of A l . i n the A l 0 obtained i t must a l s o 
A -J 
be the amount i n the 4,089 gm. of alum taken. Hence the percentage of 
aluminum present i n alum i s .25861x100 ^6.45^. C a l c u l a t e d t h e o r e t i c a l l y 
4,089 
the percentage should be 5.9^. That i s there was an e r r o r of .55^ i n 
excess. 
I r o n , 
The estimation of i r o n i n f e r r o h s ammonium sulphate i s essen-
t i a l l y the same as that of aluminum but d i f f e r s i n some of the d e t a i l s . 
A small portion of the p u r i f i e d s a l t i s weighed out i n t o a beaker and 
d i s s o l v e d i n water w i t h the a d d i t i o n of one or two drops of s u l p h u r i c 
a c i d . The s o l u t i o n i s warmed and a l i t t l e strong n i t r i c a c i d added to 
o x i d i z e the i r o n from a f e r r e t s to a f e r r i c c ondition. T h i s i s complete 
when a s i n g l e drop of the a c i d does not produce the brown c o l o r a t i o n whic\ 
#9. 
i s due to the absorption of the n i t r i c oxide ?/hich has been l i b e r a t e d by 
the ferrCRS s a l t , A s l i g h t excess of the a c i d i s added. I n order to 
be c e r t a i n t' at the transformation i s complete a small drop of of the 
s o l u t i o n i s placed upon a piece of white p o r c e l a i n by means of a g l a s s 
rod and touched w i t h another g l a s s rod which has been dipped i n a s o l u -
t i o n of K P < > . ( C I ^ J . I f the f e r r o h s i r o n has been corapletelj'- o x i d i z e d no 
blue c o l o r a t i o n w i l l r e s u l t . 
The f e r r i c hydroxide i s then p r e c i p i t a t e d from t h i s s o l u t i o n by 
the a d d i t i o n of a s l i g h t excess of NH^OH and the mixture b o i l e d u n t i l the 
stesTO s c a r c e l y s m e l l s of the reagent. The p r e c i p i t a t e i s washed with 
hot v/ater by decantation s e v e r a l times and f i n a l l y washed upon the f i l -
t e r u n t i l the wash water i s e n t i r e l y f r e e from sulphates, as i n the case 
of aluminum. The p r e c i p i t a t e i s then thoroughly d r i e d i n the oven. 
When p e r f e c t l y dry the f i l t e r i s withdrawn from the funnel and 
as much of the p r e c i p i t a t e as p o s s i b l e i s detached from the paper, by 
g e n t l y squeezing the cone together, and t r a n s f e r r e d to a c r u c i b l e . The 
f i l t e r i s then i n c i n e r a t e d i n a platinum coxl and the ash placed i n the 
c r u c i b l e w ith the p r e c i p i t a t e . The c r u c i b l e i s then heated f o r about 
ten minutes to a bright red heat by means of a Bunsen flame, a f t e r which 
i t i s placed i n the desiccator to cool and then weighed. The heating and 
weighing i s repeated u n t i l no f u r t h e r l o s s of weight r e s u l t s . The 
minute quanti-^ of f e r r i c oxide which i s l e f t upon the f i l t e r i s reduced 
to m e t a l l i c i r o n during i n c i n e r a t i o n but i s again o x i d i z e d during the pre 
c e s s of heating. The method of obtaining the percentage of i r o n i n 
( N H )S0 , Pe SO , 6 H 0 from the data thus obtained i s the same as i n 
the case of aluminum, as may be seen from the f o l l o w i n g c a l c u l a t i o n s . 
F i r s t weight of weighing b o t t l e Pe ( N ( S O ^ ) ^ 31.028 gm. 
Second « i ? " 29.014 gm. 
" S a l t 2.014 gm. 
Weight of c r u c i b l e f f i l t e r ash f FeOj 26,402 gm. 
Weight of c r u c i b l e f f i l t e r ash 25.954 gm. 
It It n Fe^<^^ .448 gm. 
Pormula weight of Fe^Q, 160 
Formula weight of Fe^ 112 
Formula weight of Fe i n .448 gm. of Fe^ Q, i s 112 X «448 _ ,3135 gm. 
160 
Hence the percentage of Fe i n Fe (II H ) (SO ) = .3135 X 100 15.56^ 
^ . / ^ — 2TDir- =̂  
C a l c u l a t e d percentage 14. 
E r r o r 1,2?^ 
S i l v e r . 
U n l i k e the two metals j u s t t r e a t e d s i l v e r i s not estimated as 
an oxide. I t i s p r e c i p i t a t e d from i t s s o l u t i o n s i n the form of s i l v e r 
c h l o r i d e by means of H G l , and weighed i n that form. A small amount of 
Ag NO^ i s weighed out into a beaker, d i s s o l v e d i n cold v/ater and the 
s o l u t i o n a c i d i f i e d w i t h a l i t t l e H ITO^ . D i l u t e H CL i s then added with 
constant s t i r r i n g u n t i l the p r e c i p i t a t i o n i s complete. This point i s 
e a s i l y determined as the white p r e c i p i t a t e d Ag C I coagulates and s e t t l e s 
very q u i c k l y so that, i t i s easy to see when the a d d i t i o n of a c i d produces 
no additionguL p r e c i p i t a t i o n . The mixture i s heated n e a r l y to the b o i l -
ing point and then allowed to stand u n t i l the p r e c i p i t a t e s e t t l e s . The 
l a t t e r i s washed two or three times by decantation with b o i l i n g water 
a c i d i f i e d w i t h H NO^, a f t e r which i t i s t r a n s f e r r e d to the f i l t e r and 
washed w i t h hot water u n t i l the f i l t r a t e i s f r e e from H C I . T h i s point 
may be determined by adding H IIO^. I f no white p r e c i p i t a t e forms H C I 
i s no longer present. The p r e c i p i t a t e i s then placed i n the oven to dry. 
The dry p r e c i p i t a t e i s detached from the paper as thoroughly as 
p o s s i b l e and t r a n s f e r r e d to a p o r c e l a i n c r u c i b l e which has been previous-
l y heated and v/eighed, T^e f i l t e r i s then i n c i n e r a t e d i n a platinum 
#11. 
c o i l . Great care must be taken i n t h i s operation to arrange the paper 
so that the si d e of the paper which held the p r e c i p i t a t e does not come 
i n contact w i t h the wi r e , as the platinum may become a l l o y e d with the 
s i l v e r . The f i l t e r a sh i s then deposited i n the i n v e r t e d l i d of the 
c r u c i b l e where i t i s moistened w i t h a s i n g l e drop of H NO^. T h i s con-
v e r t s the reduced s i l v e r i n t o n i t r a t e . A s i n g l e drop of H 01 i s then 
added to reproduce the Ag 0 1 . The l i d i s then c a r e f u l l y heated u n t i l 
the a c i d s are completely evaporated. The c r u c i b l e i s then gently heatdx 
ed u n t i l the p r e c i p i t a t e j u s t begins to melt, when i t i s removed, along 
w i t h the l i d to the d e s i c a t o r , and weighed when cold. 
The f o l l o w i n g data was obtained. 
F i r s t weight of weighing b o t t l e f Ag N O 3 26.905 gm. 
Second weight of weighing b o t t l e f Ag.'T;̂  26.297 gm. 
" " s a l t .608 gm. 
Weight of c r u c i b l e i ash -j- Ag 01 28.255 gm. 
Weight of c r u c i b l e -h ash 27.7525 gm. 
Weight of Ag 01 .5o39 
Formula weight of Ag 01 143.16 
" » Ag. 107.66 
Therefore the weight of s i l v e r i n .5o39 gm of Ag 01 107.66 X .5o59 . 
—14T;IT 
Kence the percentage of s i l v e r i n Ag NO .3789 X 100 62.31^ 
—^'^.'stjr— 
C a l c u l a t e d percentage = 6 3 . 5 ^ 




A t y p i c a l example of metals which, may he estimated as sulphates 
i s l e a d . A small amount of a l e a d s a l t , f o r i n s t a n c e l e a d acetate i s 
d i s s o l v e d i n a small quantity of water. D i l u t e s u l p h u r i c a c i d i s then 
added u n t i l p r e c i p i t a t i o n i s complete. I n order to he assured that tlie 
^ SO^ i s completely p r e c i p i t a t e d a quantity of a l c o h o l equal to about 
twice the volume of the s o l u t i o n i s added. T h i s f a v o r s the s e p a r a t i o n 
of t h e p r e c i p i t a t e from the l i q u i d . A f t e r i t has s e t t l e d i t i s t r a n s -
f e r r e d to a f i l t e r and washed w i t h a l c o h o l u n t i l the f i l t r a t e i s f r e e 
from s u l p h u r i c a c i d . T h i s point has been reached when barium c h l o r i d e 
added to a few drops of the f i l t r a t e produces no p r e c i p i t a t e of Ba SO^. 
A f t e r t i e p r e c i p i t a t e has been d r i e d i t i s i n c i n e r a t e d i n the same way 
as i n the case of s i l v e r except that the f i l t e r ash i s t r e a t e d with a 
drop of H^SO^ i n s t e a d of H 01. T h i s i s to convert any l e a d s a l t which 
may be present i n t o the sulphate. The data obtained i n t h i s e s t i m a t i o n 
was as f o l l o w s . 
F i r s t weight of weighing b o t t l e f Pb (O^H^OJ.. 27.132 gm. 
Second weight of weigliing b o t t l e f " 26.572 gm. 
" Pb (C^H^G^ ) ^ .560 gm. 
Weight of c r u c i b l e f ash -f PbSO^ 28.176 gm. 
" « f » 27.733 gm. 
" " PbSO^ .443 
Formula weight of PbS0,^=303 
" " " Pb = 207 
Therefore the weight of Pb i n . 4 4 3 gm. of PbO « 207 J .443 = .3026 gm. 
Hence the percentage of Pb i n Pb ( O H O .3026 X 100 = 5 4 . 0 3 ^ 
, 3 . 
#13. 
C a l c u l a t e d percentage =̂  54,61^ 
E r r o r .5 8^ 
Cadmium. 
The one genereil method which remains to he t r e a t e d i s that i n 
which the metal i s p r e c i p i t a t e d from a s o l u t i o n of i t s s a l t by means of 
hydrogen sulphide. Cadmium may be used to i l l u s t r a t e t h i s method and 
the n i t r a t e i s a convenient s a l t w i t h which to work, A small amount of 
the s a l t i s d i s s o l v e d i n water £uid the s o l u t i o n a c i d i f i e d w i t h H 01, A 
stream of H^S i s then passed tlirough the s o l u t i o n u n t i l the 3'-ellow cad-
aiiun sulphide i s completely p r e c i p i t a t e d . The precipitatel^^ i s t r a n s -
f e r r e d to a f i l t e r where i t i s washed at f i r s t w i t h water containing a 
l i t t l e H S and a few drops of H 01, and afterwards with pure water. 
The sulphide i s d r i e d i n the u s u a l way and then -rinsed w ith a l i t t l e csir-
bon b i s u l p h i d e u n t i l a few drops of the l i q u i d , when evaporated -upon a 
watch c r y s t a l , l e a v e no re s i d u e . T h i s precaution i s necessary i n order 
to e l i m i n a t e any f r e e sulphur which majr be pr e s e n t . The p r e c i p i t a t e i s 
then d r i e d again and weighed on the f i l t e r without being i n c i n e r a t e d . 
F i r s t weight of weighing b o t t l e + Cd NO^ 22,255 gm. 
Second weight of weighing bottle-8 Cd ̂  "3 20,62 If 
• s a l t 1,635 gm, 
Weight of weighing b o t t l e + f i l t e r f- Cd S 27,489gm, 
" * * « -f- H 2 6,5002 gm, 
• » Cd S ,9888 gm. 
Formula weight of Cd S = 144 
Formula weight of Od =• 112 
#14. 
Therefore the weight ©f Cd. i n ,9888 gm. of Cd S a 112 X 9888 ,.769 gm 
— 1 S T " " " * * ' 
Hence the percentage of Cd i n Cd NO ^ .769 X 100 _47 . 035i 
1 T 6 ^ -
C a l c u l a t e d percentage 47,4^ 
E r r o r .37^ 
A n a l y s i s of Apatite, 
The e s t i m a t i o n of the amount ©f phosphoric anhydride i n the 
mineral a p a t i t e o f f e r s an example of many of the operations of a gravane-
t r i c a n a l y e i s . The mineral i s f i r s t ground to a f i n e powder i n an 
agate mortarand a small p o r t i o n i s weighed out i n t o a beaker. About 
twentj'' cubic centimeters of d i l u t e HllO^is poured over i t and the mixture 
i s warmed gently u n t i l the solvent a c t i o n has ceased. The s o l u t i o n i s 
c a u t i o u s l y evaporated to dryness and the residue heated i n the oven f o r 
about an hour at a temperature between 120°and 130.° This operation i s 
necessarjr i n order to elimina t e any soluble s i l i c a t e s which may be present. 
The residue i s again t r e a t e d v/ith H NO^^and the now i n s o l u b l e residue of 
s i l i c l a i s f i l t e r e d o f f and v;ashed w i t h warm water. The washings are 
tested^ NĤ  OH f o r csacium phosphate and a l l su^ t e s t s i n which a p r e c i p i -
tate appears are added to the f i l t r a t e , NH^OH i s added to the f i l t r a t e 
u n t i l the white p r e c i p i t a t e which forms no longer r e - d i s s c l v e s , A few 
drops of H NO^are then added v i n t i l the p r e c i p i t a t e i s again brought int© 
s o l u t i o n . The s o l u t i o n i s warmed and about twenty-five cubic centime-
t e r s of ammonium molybdate s o l u t i o n are added. The l a t t e r i s made by 
adding s i x t y - e i g h t grams of ammonium molybdate, to a - - ^ ^ ^ of v/ater and 
then adding H NO^until the s o l u t i o n i s c l e a r . The mixture i s then a l l o w -
ed stand over night. The yellow p r e c i p i t a t e of ammonium phospho molyb-
date i s f i l t e r e d o f f and vrashed by decantation with a s o l u t i o n of ammo-
nium n i t r a t e made a c i d w i t h H NO^, The p r e c i p i t a t e i s allowed to remain 
i n the beaker as f a r as p o s s i b l e . The washings are t e s t e d f o r calcium 
#15. 
smmonium and anunonium oxalate, About ten cubic centimeters of the moly-
bdate s o l u t i o n are added to the f i l t r a t e and i t i s allowed to stand f o r 
a few hours, i n order to be c e r t a i n that the phosphoric a c i d has been 
completely p r e c i p i t a t e d . The p r e c i p i t a t e which has been allowed to go 
i n the f i l t e r i s d i s s o l v e d by pouring through i t d i l a t e amracniiom hydrox-
i d e . The s o l u t i o n i s r e c e i v e d i n the beaker containing the bulk of the 
p r e c i p i t a t e . The t o t a l volume of the f i l t r a t e and washings must not ex-
ceed one hundred cubic centimeters. 
Assuming that a p a t i t e contains f o r t y percent of P^O^^the volume 
of magnesium ammonium c h l o r i d e s o l u t i o n r e q u i r e d to p r e c i p i t a t e t h i s a-
mount of phosphoric a c i d vÛ - c a l c u l a t e d . About f i v e centimeters i n ex-
c e s s of t h i s amount *̂<xl measured out and poured very slowly i n t o the 
aramoniacal s o l u t i o n w i t h constant s t i r r i n g . T h i s operation must be 
c a r r i e d on w ith care i n order to insure the magnesium ammonium phosphate 
being thrown out of s o l u t i o n i n c r y s t a l l i n e form. The s o l u t i o n i s set 
aside f o r some hours. The c l e a r l i q u i d i s the decanted from the c r y s -
t a l s and the p r e c i p i t a t e i s washed on to the f i l t e r , using a mixture of 
one volume of ammonium to tlhree vororaes of water. The p r e c i p i t a t e i s 
d i s s o l v e d from the f i l t e r by d i l u t e H 01, and the s o l u t i o n i s allowed to 
run i n t o the beaker i n which the o r i g i n a l p r e c i p i t a t i o n was made. The 
f i l t e r i s washed w i t h water u n t i l the wash water g i v e s no t e s t f o r c h l o -
r i d e s . About two cubic centimeters of magnesia mixture are then added 
to the s o l u t i o n and then ITH^ OH, drop by drop, with constant s t i r r i n g , 
u n t i l the l i q u i d s m e l l s d i s t i n c t l y of ammonia. The s o l u t i o n i s s t i r r e d 
f o r a few minutes and then a vol^ame of HH ^ OH equal to one t h i r d of the 
vorome of the s o l u t i o n i s added. The s o l a t i o n i s then allowed to stand 
f o r some hours and the magnesium ammonium phosphate f i l t e r e d o f f . T h i s 
i s p r e c i p i t a t e d a second time i n order to i n s u r e i t being p e r f e c t l y 
c r y s t a l l i n e i n c h a r a c t e r . The c r y s t a l l i n e p r e c i p i t a t e i s washed w i t h 
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d i l u t e amnonia water u n t i l i t i s e n t i r e l y f r e e from c h l o r i d e s and the 
f i l t r a t e i s again t e s t e d f o r complete p r e c i p i t a t i o n by the addition of a 
l i t t l e magnesia mixture. 
The f i l t e r i s complet;ely d r i e d i n the oven and then i g n i t e d . 
Great care must be taken i n t h i s operation to r a i s e the temperature 
gra d u a l l y and i n s u r e the pressraa- of ple n t y of oxygen during the combus-
t i o n , thus guarding against a p o s s i b l e reduction of the phosphate. The 
temperature must not be r a i s e d above moderate redness u n t i l the p r e c i p i -
t a t e i s white. The heating i s continued u n t i l the weight i s constant. 
From the weight of magnesium pyrophosphate (Mg^P^O^ ) obtained the weight 
of phosphoric anhydride (P^O^J and the percentage of the l a t t e r i n the 
sample of a p a t i t e i s estimated. 
I n the experiment performed the f o l l o w i n g r e s u l t s were obtained. 
Weight of weighing b o t t l e and a p a t i t e 24.9944 gm, 
" " " * 24.7724 gm. 
" " a p a t i t e .222 gm. 
Weight of c r u c i b l e + f i l t e r ash -f llg P 0^ 8.4025 gm. 
tt » w f » " 8.26516 gm. 
" •» l?g P 0 . . .13734 gm. 
*• ' 
Formula weight of Mg^P^O^= 222.8 
« P 0 = 142 
Therefore the amount of P Q. in.13734 gm. of Mg P 0 = 142 X .13734 ,.o875 
A 7 -25275— 
Hence the percentage of P 0 i n t h i s speciman of a p a t i t e was .0875 X 100 
39.4^ 
17. 
E l e c t r o l j ' - s i o . 
Another very important process employed i n the q u a n t i t a t i v e 
estimation of metals i s that of ele c t r o l j ' - s i B . T his i s based upon the 
f a c t that when s o l u t i o n s of c e r t a i n m e t a l l i c s a l t s are submitted to the 
a c t i o n of an e l e c t r i c c u rrent of s u i t a b l e strength the metals are p r e c i -
p i t a t e d upon the negative e l e c t r o d e as a t h i n f i l m . The apparatus em-
ployed i n the estimation which was c a r r i e d cut i n the l a b r a t o r y c o n s i s t s 
e s s e n t i a l l y of a platinum d i s h and a f l a t paddle shaped piece of platinum 
The d i s h i s placed upon a platinum t r i a n g l e to one prong of which i s 
attached the negative e l e c t r o d e of s e v e r a l b a t t e r i e s connected i n s e r i e s . 
The p o s i t i v e electrode i s connected to the other platinvan p i e c e and sup-
ported above the d i s h . A small mass of copper sulphate i s then d i s s o l -
ved i n about two hundred cubic centimeters of water w i t h the a d d i t i o n of 
a l i t t l e n i t r i c a c i d . The s o l u t i o n i s placed i n the platinum d i s h and 
the current made to pass through i t . The d i s h a c t s as the negative e-
l e c t r o d e and i t i s on t h i s t h a t the m e t a l l i c copper i s deposited. The 
paddle which i s the p o s i t i v e electrode i s allowed to j u s t dip i n t o the 
l i q u i d . A f t e r the current has been passing thorough the s o l u t i o n s e v e r a l 
hours i t i s t e s t e d f o r the complete removal of the copper by s u b j e c t i n g 
a few drops of the l i q u i d to the a c t i o n of hydrogen sulphide. I f no 
dark p r e c i p i t a t e forms the operation may be considered complete. The 
s o l u t i o n i s then removed from the d i s h and the l a t t e r r i n s e d s e v e r a l 
times f i r s t i n water and then i n a l c o h o l . I t i s then placed i n the oven 
a few minutes to dry and weighed. T h i s weight, l e s s the weight of the 
d i s h , which has been previouslj'- a s c e r t a i n e d i s the weight of copper 
p r e c i p i t a t e d from the known q u a n t i t y of Copper sulphate. I n the e w t i -
mation c a r r i e d out, the f o l l o w i n g data was ontained. 
18. 
Weight of Gu SO ^ 1.502 gm. 
Weight of platinum d i s h + Cu , 80.953 gm. 
Weight of p l a t i m ^ i d i s h 80.581 gy. 
Weight of Copper .372 gm. 
Therefore the percentage of copper i n copper sulphate i s .372 X loo 
24.1^ 
Estimated percentage -= 25.3^ 
E r r o r « 1.2^ 
